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DESCRIPTIC^ 

LIG HT SOURCE DEVICE MP LIGHT DEELECTION EISMEMT 

5 Technical Field: 

The present invention relates to an edge-light type light source 
device constituting a liquid crystal display device or the like that is used 
as a display portion of a notebook personal conputer, a liquid crystal 
television, a portable telephone, a portable information terminal, or the 

10 like and to a light deflection elsnent for use in the light source device 
and, in particular, relates to a light source device that is suitably used 
in a liquid crystal display device or the like with a relatively large size, 
has primary light sources disposed facing two opposite side end surfaces of 
a light guide, respectively, and can achieve an extrerely high luminance 

15 without causing a large reduction in luminance due to a change in viewing 
direction, and to a light deflecting eleinent for use in such, a light source 
device. 

Background Art: 

20 In recent years, color liquid crystal display devices have been 

widely used in various fields as nonitors of portable notebook personal 
ocirputers, personal corputers, and so forth, or as display portions of 
liquid crystal televisions, video-cartoined liquid crystal televisions, 
portable telephones, portable infonnation terminals or personal digital 

25 assistants, and so forth. Further, following increase in infonnation 

processing amount, diversification of needs, multimedia adaptation, and so 
forth, increase in screen size and fineness in display of the liquid crystal 
display devices has been actively developed. 

The liquid crystal display device basically ccnprises a backlight 
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portion and a liquid crystal display elotent portion* As t±ie backlight 
portion, there is an under-light type viierein a light source is disposed 
directly under the liquid crystal display element portion, or an edge-light 
type wherein a primary light source is disposed facing a side end siirface of 
5 a light guide- In terms of making the liquid crystal display device cotpact, 
the edge-light type has often been used. 

In recent years, an the liquid crystal display device or the like, 
use has be^ made of, in terms of reducing power consumption, one, as a 
backlight portion of the edge-light type, that reduces a spread angle of 
10 light knitted frcm a display screen as iroich as possible to emit light 
concentratedly in a required angle, range for effectively utilizing the 
quantity of light emitted from a primary light source. 

In the display device wherein the viewing direction range is 
limited as described above, as a light source device that emits light 
15 concentratedly in a relatively narrow range for increasing the utilization 
efficiency of the quantity of light of a primary light source to thereby 
reduce the power consumption, the present applicant has proposed in aP(A)- 
2001-143515 to use a prism sheet having prism-formed surfaces on both sides 
thereof so as to dispose it adjacent to a light outgoing surface of a li^t 
20 guide. In this double-sided prism sheet, a light receiving surface being 
one surface and a light emitting surface being the other surface are 
respectively formed with a plurality of mutually parallel elongated prisms, 
wherein the directions of the elongated prisms are matched with each other 
on the light receiving surface and the light enitting surface and further 
25 the elongated prisms are disposed at corresponding positions on both 

surfaces. With this configuration, light having a peak of outgoing light in 
a direction inclined, relative to the light- outgoing surface of the light 
guide and exiting f rcsn the light outgoing surface so as to be distributed in 
•a proper angle range is incident on one-side prism faces of the elongated 
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prisms at the light receiving surface of the prisn sheet, then is internally 
reflected by the other-side prism faces^ and is further subjected to a 
refraction action by the elongated prisms at the light snittlng surface, so 
that the light is flitted concentratedly in a required relatively narrow 
5 directic«i. 

However, such a light source device has a problem that although 
the concentrated emission in the narrow angle range is enabled, an outgoing 
light distribution is extrernely narrow so that a large reduction in 
luminance is caused only by a small change in viewing direction, thereby 

0 being inferior in practicality in case of a light source device with a 
relatively large size. Further, according to such a light source device, in 
the prism sheet used as a light deflection elonent, the plurality of 
mutually parallel elongated prisms are required such that the directions of 
the elongated prisms are matched with each other on the light receiving 

5 surface and the light emitting surface, and further, the elongated prisms 
are disposed at the corresponding positions on both surfaces. This 
fontetion is coiiplicated- 

On the other. hand, for the purpose of enhancing a light condensing 
property and light directivity when deflecting light enitted f rem a light 

) guide- by the use of a prism sheet, JP (A) -9-507584, JP (A) ^9-105804, JP(A)-11- 
38209, and JP (A) -2000-35763 have proposed that a prism face, located on the 
side farther from a light source, of each of elongated pris;ms forming the 
prism sheet be formed into a convex curved surface shape. However, since 
the convex curved surface shaped prism faces described in those publications - 

1 each have a radius of curvature that is relatively larger or relatively 
smaller, a distribution of the outgoing light f ran the light guide cannot be. 
sufficiently narrowed or is extremely narrowed or, according to 
circumstances., is conversely broadened. Further, in any of the light guides 
described in those publications, a light ectdtting function structure thereof 
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cannot acMeve a high directivity so that light of which an outgoing light 
distribution is relatively broad is emitted, and therefore, it is not 
possible to sufficiently irrprove the luminance even by condensing the light 
using the prism sheet. 

5 fXirther, JP (A) -63-298902 discloses a prism sheet having a light 

receiving surface formed with elongated prisms each having a pentagonal 
shape in section. A face on the side of a prism vertex portion and a face 
on the side near a light fitting surface, which constitute each of two 
prism faces of each elongated prism, form a large angle therebetween, and 

.0 therefore, this prism sheet cannot sufficiently narrow a distribution of 
outgoing light fran a light guide so. that its light condensing property is 
lav and thus a luminance iirproving effect thereby is small. 



Disclosure of the Invention: 

It is therefore an object of the present invention to provide a 
light source device that can achieve lirproveinent in luminance by a hi^ 
light-condensing effect, that is small in reduction of luminance with 
respect to a changfe in viewing direction, that enables litproveraent in 
utilization efficiency of the quantity of light emitted frcm a. primary light 
source (i.e. increases efficiency of Quitting light, vdiich is emitted frczn a 
prinary light source, concentratedly in a required viewing direction) , and 
further, that can easily inprove the image quality with a sictplified 
structure, 

A light source device of the present invention is characterized by 
corrprising primary light sources, a light guide having two light incident 
surfaces exposed to each other and adapted to receive light emitted fran 
said primary light sources/ and a. light outgoing surface for guiding and 
Quitting the received light, and a light deflection elenent disposed 
adjacent to the light guide on a light outgoing surface side thereof, 
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wherein the light deflection el^tient has a light receiving surface 
for receiving the light and a light emitting surface located on a side 
ojposite to the light receiving surface for eniitting the received light, the 
light receiving surface has a plurality of elc^gated prisms arrayed * 
5 substantially parallel to each other and each corposed of two prism faces, 

and each of the prism faces is formed by at least two faces having different 
inclination angles wherein one of. the faces located closer to the light 
emitting surface has a larger inclination angle and a difference between an 
inclination angle of one of the faces closest to the light fitting surface 

10 and an inclination angle of the other one of the faces farthest froti the 
light emitting surface is 15 degrees or less. 

In an aspect of the present invention, at least one of the faces 
is a flat face. In an aspect of the present invention, all of the faces are 
flat faces. In an aspect of the present invention, the faces are at least 

15 three flat faces* 

In an aspect of the present invention, at least one of the faces 
is a convex curved face. In an aspect of the present invention, all of the 
faces are convex curved faces. In an aspect of the present invention, the 
faces are at least one flat face and at least one convex curved face. In an 

20 aspect of the present invention, the faces are at least two flat faces and 
at least one convex curved face. . In an aspect of the present invention, at 
least two of the faces are convex curved faces having mutually different 
shapes, 

A light deflection elsnent of the present invention is 
25 characterized by ccnprising a light receiving surface for receiving light 
and a light eniitting surface located on a side opposite to said light 
receiving surface for emitting the received light, 

vdierein the light receiving surface has a plurality of. elongated 
prisms arrayed s.ubstantially parallel to each other and each corposed of two 
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prism faces, and each of i±ie prism faces is formed by at least two faces 
having different inclination angles wherein one of the faces located closer 
to the light emitting surface has a larger inclination angle and a 
difference between an inclination angle of one of the faces closest to the 
5 light onitting surface and an inclination angle of the other one of the 
faces farthest from the light Quitting surface is 15 degrees or less. 

In an aspect of the present invention, at least one of the faces 
is a flat face. In an aspect of the present invention, all of the faces are 
flat faces. In an aspect of the present invention, the faces- are at least 

10 three flat faces. 

In an aspect of the present invention, at least one of the faces 
is a convex curved face. In an aspect of the present invention, all of the 
faces are convex curved faces. In an aspect of the present invention, the 
faces are at least one flat face and at least one convex curved face* In an 

15 aspect of the present invention, the faces are at least two flat faces and 
at least one convex curved face. In an aspect of the present invention, at 
least two of the faces are convex curved faces having mutually different 
shapes. 

According to the present invention, both prism faces of each of 
20 elongated prisms formed at a light receiving sxirface of a light deflection 
elenent are each fomed by faces such as a plurality of flat faces, convex 
curved faces, or the like having different inclination angles so that it is 
possible to provide a light source device that can achieve, irrproverrmt in 
luminance by a high light-condensing effect, that is small in reduction of 
25 luminance with respect to a change in viewing direction, that enables 

improvCTient in utilization efficiency of the quantity of light enutted from 
a primary light source (i.e. increases efficiency of emitting light, which 
is OTitted froti a primairy light source, concentratedly in a required viewing 
direction), and. further, that can easily irtprove the image quality with a 
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siltplified structure. 

Brief Description of the Drawings; 

Fig. 1 is a scheratic perspective view showing a light sourra 
device according to the present invention; 

Fig. 2 is an e>q)lanatory diagram of the shape of each of elongated 
prisrns at a light receiving surface of a light deflection elanent of the 
present invention; 

Fig. 3 is an e:5.1anatory diagram of the shape of each of elongated 
prisms at a light receiving surface of a light deflection eletient of the 
present inventicxi; 

Fig. 4 is an explanatory, diagram of the shape of each of elongated 
prisms at a light receiving surface of a light deflection elanent of the 
present invention; 

Fig. 5 is an e}$)lanatory diagram showing a luminance distriJbution 
(in the XZ-plane) of outgoing light frcm a light deflection element; 

Pig. 6 is a graph showing various luminance distributions (in the 
XZ-plane) of outgoing lights frcm light deflection elements; 

Fig. 7 is an explanatory diagram of a fidl width half maxlinum of 
an outgoing light intensity distribution (in the XZ-plane); 

Fig. 8 is an explanatory diagram of a display area of a light 
source device; 

Fig. 9 is an explanatory diagram showing a luminance distribution 
(in the XZ-plane) of outgoing light frcm the light deflection element- of the., 
light source device according to the present invention; 

Fig. 10 is an ej^lanatory diagram showing an outgoing light 
intensity distribution (in the XZ-planeJ of an anisotropic diffusion 
property of a light diffusion eletrent of the present, invention; 

Fig. 11 is an explanatory diagram of the anisotropic diffusion 
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property of the light diffusion element of the present invention; 

Fig, 12 is a schematic diagram showing a cohvex-ooncave structure 
of the light diffusion eleaient having the anisotrcpic diffusion property of 
the present insrention; 
5 Fig. 13 is a schesnatic diagram showing the convex-^concave 

structure of the light diffusion element having an anisotropic diffusion 
property of the present invention; and 

fig, 14 is a schenatic diagram showing the convex-^concave 
structure, of the light diffusion elenent having an anisotropic diffusion 
10 property of the present invention. 

Best Dfcde for Carrying Out the Invention: 

Hereinbelow/ an eribodiraent of the present invention will be 
described with reference to the drawings . 

^5 Fig- 1 is a schematic perspective view showing one errbodiment of a 

surface light source device according to the present invention. As 
illustrated in Fig- 1, the surface light, source device of the present 
invention ccnprises a light guide 3 in which two side end surfaces opposed 
to each other (i.e. located on the c^posite sides) serve as light incident 

20 surfaces 31 and one surface {principal surface) substantially perpendicular 
thereto serves as a. light outgoing surface 33;. pricnary light sources 1 
disposed facing the light incident surfaces 31 of the light guide 3 and 
covered with light source reflectors 2, respectively, a light deflection 
element 4 disposed on the light outgoing surface of the light guide 3, and a 

15 light reflec±ion elanent 5 disposed at a back surface 34 of the light guide 
3 on its side opposite to the light outgoing surface 33. 

The light guide 3 is disposed parallel to the XY-plane and forms a 
rectangular plate shape on the whole. The light guide 3 has four side end 
surfaces of which a pair of side end surfaces parallel to the Y2-plane are 
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used as the light incident surfaces 31. Each light incident surface 31 is 
disposed facing the priiriary light source 1 so that light ^tted frcm the 
primary light source 1 enters the light guide 3 through the light incident 
surface 31. 

The two principal surfaces of the light guide 3 that are 
substantially perpendicular to the light incident surfaces 31 are located 
substantially parallel to the surface ^ respectively, and either one 
surface (i^per surface in the figure) is used as the light outgoing surface 

33. A directive light eniitting function portion in the form of a roughened 
surface, a directive light oxatting function portion in the fom of a lens 
surface on which a nun±)er of elongated lenses such as elongated prisms, 
elongated lenticular lenses, V-shaped grooves, or the like are formed 
substantially parallel to the light Incident surfaces 31, or the like is 
given to at least one of the light outgoing surface 33 and the back surface 

34, so that light entering from each light incident surface 31 is guided in 
the light guide 3 and emitted f ran the light, outgoing surface 33 as light 
having a directivity in an outgoing light intensity distribution in the 
plane (XZ-plane) that is perpendicular to the li^t incident surfaces 31 and 
the light outgoing surface 33. Given that an angle formed between a 
direction of a:peak of the outgoing, light intensity distribution In the XZ- 
plane and the light outgoing surface 33 is set to a, this angle a is 
preferably set to 10 to 40 degrees and the full width half maximum of the 
outgoing light intensity distribution is preferably set to 10 to 50 degrees- 

It is preferable in terms of irtproving the unifomLty of luminance 
in the light outgoing surface 33 that the roughened surface or the elongated 
lenses formed on the surface of the light guide 3 be' so set that an average 
inclination angle Ga pursuant to IS04287/1-1984 falls within the range of 
0,5 to 15 degrees- The average inclination angle 6a more preferably falls 
within the range of 1 to 12 degreesy and further preferably 1.5 to 11 
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degrees. It is preferable that the average inclination angle 6a be set in 
the optirroTi range according to a ratio (L/t) between a thickness (t) of the 
light guide 3 and a length (L) thereof in a direction of propagation of the 
incident light. That is, when use is made of the light guide 3 having L/t 
5 of about 20 to 200, the average inclination angle 6a is preferably set to 
0*5 to 7.5 degrees, more preferably 1 to 5 degrees, and further preferably 
1.5 to 4 degrees. On the other hand, when use is made of the light guide 3 
having L/t of about 20 or less, the average inclination angle 6a is 
preferably set to 7 to' 12 degrees, and more preferably 8 to 11 degrees. 

10 The average inclination angle* 6a of the roughened surface formed 

on the light guide 3 can be derived frcm the following equations (1) and (2) 
with an inclination function f (x) obtained by ineasuring a shape of the 
roughened surface using a contact-stylus type surface roughness neter and 
setting coordinates in a measurCTent direction as x, according to IS04287/1- 

15 1984. Herein, L represents a measursnent length and represents a tangent 
of the average inclination angle ©a. 

Aa = (1/L) J 0^1 {d/dx)f (x) Idx - ■ (1) 
6a tan"^ (Aa) • • • (2) 

Further, the light guide 3 has a light emission ratio preferably 
20 in the range of 0.5 to 5%, and more preferably 1 to 3%. This is because . 

when the light ^ssion ratio becones smaller thaii 0.5%^ there is a tendency 
that the quantity of light exiting frcm the light guide 3 decreases so that 
a sufficient luminance cannot be obtained, while, when the light emission 
ratio beccxnes- greater than 5%, there is a tendency that a large quantity of 
25 light exits in the vicinity of the primary light source 1 so that 

attenuation of the light becomes significant in the X-direction on the light 
outgoing surface 33 to thereby lower the uniformity of luminance at the 
light outgoing surface 33. By setting the light anission ratio of the light 
guide 3 to 0.5 to 5%" as described above, it is possible to provide a light 
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source device that can emit frm the light guide 3 the light having an 
exiting characteristic of a high directivity such that the angle of the peak 
light (peak angle) in the outgoing light intensity distribution (in the XZ- 
plane) • of the light exiting f roa the light outgoing surface falls within the 
5 range of 50 to 80 degrees relative to a normal of the light outgoing surface 
and the full widtii half nnaxiinum of the outgoing light intensity distribution 
(in the XZ-plane) is 10 to 50 degrees^ that can efficiently deflect a 
direction of light froa the light guide 3 by the light deflection elonent 4/ 
and that can achieve a high liiminance. 

10 In the present invention, the light ^ssion ratio of the light 

guide 3 is defined as follows. A relationship between a light intensity 
(lo) of outgoing light at an edge of the light outgoing surface 33 on the 
side of the light incident surface 31 and a li^t intensity (I) of outgoing 
light at a position of a distance L from the edge of the light outgoing 

15 surface 33 on the side of the light incident surface 31 in case where only 
one of the primary light sources 1 is lit satisfies a relationship of the 
following equation (3) given that the thickness (diniension in Z-direction) 
of the li^t guide 3 is t* 

I lo ' a (1-a)^^ ' • * • (3) 

20 where a constant a r^resents the light emission ratio and is a ratio (%) of 
omssion of light frcm the light guide 3 per a unit length (length 
corresponding to the light guide thickness t) on the ligfht outgoing surface 
33 in the X-dixection perpendicular to the light incident surface 31. With 
the axis of ordinates representing logarithm of light intensity of outgoing 

25 light frcm the light outgoing surface 33 and the axis of abscissas 

representing (L/t) , a relationship thereof is plotted so that the light 
emission ratio a can be derived from a gradient thereof. 

Further, it is preferable that a lens surface arranged with a 
nurrfoer of elongated lenses extending in the direction (X-direction) 
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substantially perpendicular to the light incid^t surface 31 be formed at 
the other principal surface not given the directive light ordtting . function 
portion for controlling the directivity of the outgoing light from the light 
guide 3 in the plane (YZ-plane) parallel to the light incident surface 31. 
5 In the Q:±)odiirent illustrated in Fig. 1, the light outgoing surface 33 is 
font^ with a roughened surface, vjhile the back surface 34 is formed with a 
lens surface composed of an array of a number of elongated lenses extending 
in the direction (X-direction) substantially perpendicular to the light 
incident surface 31 » In the present invention, conversely to the mxte 
10 illustrated in 'Fig. 1, the light outgoing surface 33 may be formed with the 
lens surface while the back surface 34 itiay be fonoed into the roughened 
surface - 

hs shown in Eig. Ir when forming the elongated lenses at the back 
surface 34 or the light outgoing surface 33 of the light guide 3, the 

15 elongated lenses may be elongated prisms, elongated lenticular lenses, V- 
shaped grooves, or the like extending substantially in the X-direction, 
while it is preferable that .the elongated lenses be elongated prisms each 
having a substantially triangular, shape in YZ-section. 

In the present invention, when forming the elongated prisms as the 

20 elongated lenses fontied at the light guide 3, a vertical angle thereof is 
preferably set in the range of 70 to 150 degrees. This is becaiose setting 
the vertical angle in this range makes it possible to sufficiently condense 
the outgoing light frcm the light gioide 3 to thereby achieve sufficient . 
irrprovOTent in luminance as the light source device. Specifically/ setting 

25 the prism vertical angle in this range makes it possible to CTiit the 
condensed outgoing light in which the full width half maximum of the 
outgoing light intensity distribution is 35 to 65 degrees in the plane (YZ- 
plane) including the peak light in the outgoing light intensity distribution 
(in the XZ-plane) and perpendicular to the XZ-plane, to. thereby improve the 
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luminance as the light source device. When fonning the elongated prisms at 
the light outgoing surface 33, the vertical angle is preferably set in the 
range of 80 to 100 degrees^ v4iile, when forming the elongated prisns at the 
back surface 34, the vertical angle is preferably set in the range of 70 to 
5 80 degrees or 100 to 150 degrees. 

In the present, invention, instead of forming the light emitting 
function portion at the light outgoing surface 33 or the back surface 34 as 
described above or in addition thereto, a directive light Quitting function 
may be given by mixing and dispersing light diffusic^ particles insicte the 
0 light guide. Further, as the light guide 3, ones having various sectional 
shapes such as a boat shape can be used without being limited to the 
sectional shape illustrated in Fig. 1. 

Fig. 2 is an explanatory diagram of the shape of each of elongated 
prisms of the light deflection elanent 4. The light deflection elOTent 4 
5 uses one of its principal surfaces as a light receiving surface 41 and the 
other as a light emitting surface 42. The light receiving surface 41 has a 
nunber of elongated prisms arranged substantially parallel to each other, 
and each elongated prism is coiposed of two prism faces, i.e. a first prism 
face 44 located on the side of one of the primary light sources and a second 
) prism face 45 located on the side farther frcxn such a primary light source-- 
In the Qiibodiraent illustrated in Fig. 2, the first prism face 44 and the 
second prism face 45 are each composed of three flat faces 46 to 48 or 49 to 
51 having different inclination angles wherein the flat face closer to the 
light emitting surface has a larger inclination angle, i^ng the flat faces 
> 46 to 51, a difference in inclination angle between the flat face 48 closest 
to the light emitting surface and the flat face 46 farthest frcm the light 
Qfnitting surface, which form the first prism face 44, is set to 15 degrees 
or less, and a difference in inclination angle between the flat face 51 
closest to the light ffldtting surf ace. and the flat face 49 farthest frcm the 
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light emitting surface, which form the second prism face 45, is also set to 
15 degrees or less. Note that, in the present invention, an inclination 
angle of a face such as a flat face represents an inclination angle of the 
face suc±L as the flat face relative to a plane 43 on which elongated prisms 
5 are disposed. 

In the light deflection elonent 4 of the present invention, the 
first prism face 44 and the second prism face 45 each comprise at least two 
faces such as flat faces, convex curved faces^ or the like having different 
inclination angles v*ierein the face such as the flat face or the convex 

10 curved face closer to the light emitting surface has a larger inclination 
angle and the difference in inclination angle between the face suc±i as the 
flat face or the convex curved face closest to the light emitting surface 
and the face such as the flat face or the convex curved face farthest f rem 
the light emitting surface is set to 15 degrees or less, so that an 

15 extremely high light-condensing effect can be exhibited to thereby achieve 
an extreimely high luminance in the light source device. This difference in 
inclination angle between the face such as the flat face or the convex 
curved face closest to the light oidtting surface and the face such as the 
flat face or the convex curved face farthest from the light esnitting surface 

20 is preferably in the range of 0.5 to 10 degrees and more preferably 1 to 7 
degrees. By configuring the first prism face 44 and the second prism face 
45 as described above, it is possible to easily design a deflection elenient 
having a desired light condensing property and also possible to stably 
produce light deflection elements having constant optical properties. 

-5 Now, description will be made of shapes of prism faces of light 

deflection elements of the present invention. Light that is totally 
reflected by the prisn face ocrrposed of one flat face to exit is dispersed 
in the considerably wide range depending on total reflection portions of the 
prism face. By adjusting inclination angles of the respective portions of 
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the prism face to enit the peak lights from the respective portions in 
outgoing light intensity distributions (in the XZ-plane) in substantially 
the same direction at all the portions, it is possible to ernit nost of 
outgoing light oonvergently in a particiOar direction. In this case, 
5 setting the inclination angles of the prism face at the respective portions 
such that the portion closer to the light emitting surface 42 has a larger 
inclination angle, the outgoing light having been totally reflected by the 
whole prism face can be condensed in a fixed direction so that it is 
possible to emit light having a higher directivity and a larger peak 
10 intensity. 

As these portions of the prism face, at least two areas may be 
provided. However, if the number of the areas (the number of the flat faces 
having different Inclination angles) is too small, the light condensing 
property of the light deflection element tends to be lowered to thereby 
spoil the luminance improving effect. Therefore, the number thereof is 
preferably set to three or rtore, more preferably five or irore, and further 
preferably six or more. In this case, in order to Inprove the light 
condensing property, it is necessary that a difference between an 
iiiclination angle of the area closest to the light emitting surface 42 and 
an Inclination angle of the area farthest from the light ^tting surface 42 
be set to 15 degrees or less, preferably in the range of 0.5 to 10 degrees, 
and more preferably in the range of 1 to 7 degrees. 

On the other hand, when the number of the azeas is increased, 
althouc^i the convergence on the whole can be enhanced because the peak angle 
can be finely adjusted over the whole prisn face, the flat faces having 
different inclination angles should be finely formed so that it beoaies 
conplicated to design and produce die cutting tools for' fomLng the prisrci 
face of the light deflection element and it also becomes difficult to stably 
manufacture light deflection elecrents having constant optical properties. 
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In view of this, the number of the areas fonned on the prism face is 
preferably set to 20 or less, and ntore preferably 12 or less* The prism 
face is preferably divided evenly, but is not necessarily divided evenly, 
which can be adjusted depending on a desired outgoing light luminance 
distribution (in the XZ-plane) of the whole prism face* Further, the width 
of each of the flat faces (length of each of flat portions in a section of 
the elongated prism) having different inclination angles is preferably set 
in the range of 4 to 47% relative to the pitch of the elongated prisms, rore 
preferably 6 to 30%, and further preferably 7 to 20%. 

In the present invention, as illustrated in, for exaitple. Figs. 3 
and 4, at least one of the forgoing flat faces having different inclination 
angles may be formed as a convex curved face, or all the flat faces inay be 
formed as convex curved faces- In Fig- 3, the first prisn face 44 and the 
second prism face 45 are each divided into four areas and each oorposed of 
three flat faces 52 to 54 or 55 to 57 and one convex curved face 58 or 59. 
In Fig. 4, the first prism face 44 and the second prism face 45 are each 
divided into two areas and each corposed of two convex curved faces 60 and 
61 or 62 and 63 having different shapes. In the figure, 64 to 67 denote 
noncylindrical surface shapes determining the shapes of the curved faces 60 
to 63, respectively. On the other hand, the first prism face 44 and the 
second prism face 45 each may be fonned by such a curved face that passes a 
boundary of the areas obtained by dividing the first prism face 44 or the 
second prism face 45, wherein the curved face may deviate fron the boundary 
of the areas to some degree that does not cause a large reduction in* 
luminance* For exanple, a deviation of a ratio of a passing position 
(distance frczn the prism vertex portion) of the curved face relative to the 
pitch of the elongated prisms against a ratio of the boundary of the areas 
thereto is preferably set to 4% or less, irore preferably 2% or less, and 
further preferably 1% or less, in the present invention, an inclination 



'04 12/20 17:47 FAI 03 3431 1205 WMhWli/s ^ Morgan Lewis i002/015 



10 



- 17 - 

angle of a face such as a convex curved face represents the itean of 
inclination angles at all positions in the face such as the convex curved 
face. Vflien, as described above, the. prism face is formed by a plurality of 
convex curved faces having different inclinaticai angles, the number of the 
areas can be reduced as compared to the case where the prism face is formed 
by the flat faces having different inclination angles, so that the number of 
the areas can be set in the range of 2 to 10, preferably 2 to 5. However, 
if the number of the areas is too small, it becones difficult to design 
respective convex curved faces in tenns of adjusting a desired outgoing 
light luminance distribiition (in the X2-plane), and therefore, the nutrfser of 
the areas is more preferably set in the range of 3 to 5. 

The sectional shape of the convex curved face in the XZ-direction 
may be circular arc (i.e. a cylindrical surface sh^ as a surface) or 
noncircular arc (i.e. a noncylindrical surface shape as a surface) . Further, 
when the prism face is formed by a plurality of convex curved faces, it is 
preferable that the shapes of the respective convex curved faces differ frcm ' 
each other, m this case, the convex curved face having the cylindrical 
surface shape and the convex curved face having the noncylindrical surface 
shape can be used in ccitbination. It is preferable that at least, one of the 
20 convex curved faces be formed noncylindrical surface shaped. When a 

plurality of convex curved faces are f onned cylindrical surface shaped, the 
respective can-vex curved faces may have different curvatures. As the 
noncylindrical surface shape, there can be cited part of an ellipsoidal 
sh^, part of a paraboloidal shape, or the like. 

EXirther, a ratio (r/P) between a radius of curvature ■ (r) of the 
convex curved face and a pitch (P) of the elongated prisms is preferably set 
in the range of 2 to 50, more preferably 5 to 30, and further preferably 7 
to 10. When this r/p is less than 2 or exceeds 50, there is a tendency that 
the sufficient light condensing property cannot be exhibited to lower the 



15 



25 



'04 12/20 17:48 FAI 03 3431 1205 mWlWl^i ^ Morgan Lewis i003/015 



10 



15 



20 



25 



- 18 - 

luminanoe. 

Ln the elcsigated prism thus configured, as shown in Fig. 2, when 
the height from the prism vertex portion of the elongated prism is given as 
h and the height of the v^le elongated prism is given as H, it is 
preferable that at least two faces such as flat faces, convex curved faces, 
or the like having different inclimtion angles be fonned in a region having 
the height h where h/H is at least 10% or nore, and more preferably three or 
more be fonned. This is because the sufficient light condensing prqaerty 
tends to be achieved by fonmng the two or more faces such as the flat faces, 
the convex curved faces, or the like in the region having such a height h. 
Since the intensity in an outgoing light luminance distribution (in the XZ- 
plane) of light that has been totally reflected by the prism face in a 
region with h/H being 60% or less to exit from the light eniitting surface 
occupies 75% or more of the intensity In an outgoing light luminance 
distribution (in the XZ-plane) of light that has been totally reflected by 
the whole prism face to exit frcm the light emitting surface, it is possible 
to achieve a sufficient effect by setting h/H to fall within the range of 
60% or less. This is because the intensity in the outgoing light luminahce 
distribution (in the XZ-plane) of the light that has been totally reflected 
to exit from, the light onitting surface occupies 75% or itore of the 
intensity in the outgoing light Imlnance distribution (in the XZ-plane) of 
the light that has been totally reflected by the whole prism face to exit 
frcm the Ught emitting surface. The region having the height h is more 
preferably a region where h/H is 15% or irore, and further preferably 20% or 
more. If the region having the height h beetles too small, there is a 
tendency that the sufficient light condensing property cannot be achieved, 
and further, the production of dies becones ccmplicated. Therefore, h/H is 
most preferably 20% or itore. In this case, the number of the areas in the 
region having the height h is preferably set in the range of 1 to 8, nore 
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preferably 1 to 6, and further preferably 2 to 4. 

Further, vftien the prism face is formed by a plurality of faces 
sudi as flat faces, convex curved faces, or the like having different 
inclination angles, in order to ensure the sufficient light condensing 
property, it is preferable that a ratio (d/P) of a iteximum distance d 
between a virtual flat surface Q (Figs. 2 and 3) connecting together the 
vertex portion and the botton portion of the elongated prism and the 
plurality of flat faces or convex curved faces (actual prism face) relative 
to the pitdh (P) of the elongated prisms be set to 0.4 to 5%. This is 
because v*ien d/P is less than 0.4% or exceeds 5%, there is a tendency that 
the light condensing property is lowered and thus the sufficient luminance 
improvement cannot be achieved. Accordingly, it is itore preferably set in 
the range of 0.4 to 3%, and further preferably 0.7 to 2.2%. 

In the present invention, taking into account the light condensing 
property and the light utilization efficiency, the vertical angle of each 
elongated prism is preferably set in the range of 35 to 80 degrees, more 
preferably 50 to 70 degrees, and further preferably 60 to 70 degrees. 
HMrther, with respect to left and right allocated angles a and P of the 
prism vertical angle relative to a normal (inclination angles of the two 
prism faces relative to the noonal) , the allocated angle a located on the 
light source side is preferably set in the range of 25 to 40 degrees and the 
allocated angle P is preferably set in the range of 25 to 40 degrees. These 
allocated angles a and P of the vertical angle are preferably set 
substantially equal to each other in order to cause peak angles in outgoing 
light luminance distributions (in the XZ-plane) of respective lights from 
the primary light sources 1 disposed at the two confronting light incident 
surfaces to be substantially in the same direction. Further, in order to 
enhance the light utiHzation efficiency to further inprove the luminance 
and to minimize the reduction in luminance caused by a change in viewing 
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direction, an absolute value of a difference (|a-p|) betv;een the allocated 
angles a and P is preferably set in the range of 0 to 10 degrees, inore 
preferably 0 to 9 degrees, and further preferably 0 to 8 degrees. Note that 
when peak light in an outgoing light luminance distribution (in the XZ- 
plane) is set in a direction other than the substantially normal direction, 
the outgoing light luminance distribution (in the XZ-piane) having the peak 
light in a desired direction can be achieved by adjusting the allocated 
angles a and P of the prism vertical angle . 

On the other hand, the light deflection elonent of the present 
invention iiey be formed with convex faces or flat faces (light transnitting 
regions) each having an inclination angle smaller than the inclination angle 
of the elongated prism, between the adjacent elongated prisms. By forming 
such light transmitting regions, external light incident frou the side of a 
liquid crystal panel can be introduced into the light source device through 
15 these portions, reflected by the reflection sheet 5 disposed at the back 
surface of the light guide, and emitted toward the side of the liquid 
crystal panel again, so that the external light can also be effectively used. 
In this case, in order to keep uniformity of the "external light reflected by 
the reflection sheet (light reflection elotient) 5, it is preferable to give • 
a small diffusion property to the reflection sheet, form a light diffusion 
layer on the light emitting surface of the light deflection element, or 
place a light diffusion sheet on the light emitting surface of the light 
deflection elenent. On the other hand/ since an increase in utilization 
efficiency of external light causes a reduction in utilization efficiency of 
25 light as a backlight, it is necessary to determine the ratio of each light 
transmitting region taking into account a manner of .use and so forth- For 
example, the width of the light transmitting region is preferably set in the 
range of 20 to 50% of the pitch of the elongated prisms, and more preferably 
20 to 40%, As the light transmitting region, there can be cited a region of 
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a flat surface shape, a curved surface shape, a polygonal prism surface 
shape, or the like. Among than, it is preferable to fonn the light 
transmitting region into the polygonal prism surface shape or the curved 
surface shape because reflection of the external light can be controUed* 
In the light source device using the light deflection el^rmt as 
in the present invention, if the first prism face 44 and the second prism 
face 45 are each formed by one curved face, an outgoing light luminance 
distribution (in the XZ~plane) of light exiting fron the light deflection 
elonent is rapidly lowered so that a large reduction in luminance is caused 
by only a small change in viewing direction, in the present invention, each 
of the prism faces 44. and 45 is formed by a plurality of faces such as flat 
faces, convex curved faces, or the like having different inclination angles 
so that, in an outgoing light luminance distribution (in the XZ-plane) of. 
light exiting frcm the light deflection elensnt, an outgoing light 
distribution width {B^o) where a luminance becomes 70% of a peak luminance as 
shown in Fig. 5 can be 10 degrees or more, and therefore, it is possible to 
relax the rapid reduction in luminance caused by the change in viewing 
direction. This outgoing angle distribution width i&jo) is more preferably 
15 degrees or more, and further preferably 18 degrees or more. 

Rirther, in the present invention, in the outgoing light luminance 
distribution (in the XZ-plane) of the light -exiting, from the- light 
deflection element, a ratio (620/990) between an outgoing light distribution 
width (690). where a luminance becanes 90% of the peak luminance and an 
outgoing light .distribution width * (820). ^ere a luminance becomes 20% of the 
peak luminance, as shown in Fig. 5, is preferably 5 or less, irore preferably 
4 or less, and farther preferably 3.5 or less. By setting Qzo/Sgo to 5 or 
less, a rapid reduction in luminance due to a change in viewing direction 
can be relaxed to a degree th^t causes no problm for practical use. 

Since the visual field narrowing of the light deflection elenent 4 
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in the present invention is affected by a degree of spread (full width half 
maxiiTUjm) of the outgoing light intensity distribution (in the XZ-plane) of 
the light from the light outgoing surface 33 of the light guide 3, a 
preferable ratio of a full width half itiaxiinum A of the outgoing light 
5 luminance distribution (in the XZ-plane) of the light fron the light 

ejnitting surface 42 of the light deflection element 4 relative to a full 
width half maxiinum B of the outgoing light intensity distriJbution (in the 
XZ-plane) of the light frcm the light outgoing surface 33 of the light guide 
3 also changes depending on the full width half maximum B of the outgoing 
10 light intensity distribution (in the XZ-plane) of the light frcm the light 
guide 3. For example, when the full width half maximum B of the outgoing 
light intensity distribution (in the XZ'-plane) of the light fron the lig^t 
guide 3 is less than 26 degrees, the full width half maximum A preferably 
falls within the range of 30 to 95% of the full width half maximum B, more 

15 preferably 30 to 80%, and further preferably 30 to 70%. On the other. hand, 
when the full width half maximum B of the outgoing light intensity 
distribution (in the X2-plane) of the light from the light guide 3 is 26 
degrees or more, the full width half maximum A preferably falls within the 
range of 30 to 80% of the full width half maximum B, more preferably 30 to 

20 70%, and further preferably 30 to 60%; 

Generally, it is considered that the enhancanent of the endssion 
efficiency of the light guide increases the full width half maximm B of the 
outgoing light intensity distribution (in the XZ-plane) of the light from 
the light guide 3 so that the light condensing efficiency is lowered. 

25 However, since the effect of visual field narrowing actually increases as 
described above, it is preferable, in terms of the efficiency of visual 
field narrowing and the light utilization efficiency as the. surface light 
source device, to use the light deflection element in ca±)ination with the 
light guide wherein the full width half maximum B of the outgoing light 
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intensity distribution (in the XZ-plane) is 26 degrees or more (more 
preferably exceeding 36 degrees) • On the other hand, although the effect of 
visual field narrowing is small when the full width half maximum of the 
outgoing light intensity distribution (in the X2~plane) of the light from 
5 the light guide 3 is small, since higher luminance can be achieved as the 

full width half maximum of the outgoing light intensity distribution (in the 
XZ-plane) of the light from the light guide 3 decreases, it is preferable, 
in terms of achieviiig higher luminance, to use the light deflection elen^t 
in cotttoination with the light guide wherein the full width half maximum B of 
10 the outgoing light intensity distribution (in the XZ-plane) is less than 26 
degrees. 

Each of the primary light sources 1 is a linear light source 
extending in the Y^-direction and use can be made of, for exairple, a 
fluorescent lamp or a cold-cathode tube. In the present invention, the 

15 primry light source 1 is not limited to the linear light source, but use 
can also be made of a point light source such as an LED light source, a 
halogen lamp, or a metal halide- lanp. On the other hand, the light source 
reflector 2 serves to guide the light of the primary light source 1 to the 
light girLde 3 with a small loss* As a material thereof, use can be made of, 

20 for exanple, a plastic film having a metal-deposited reflection layer on the 
surface. As illustrated in Fig, 1, the light source reflector 2 is wound 
from an outer surface of an edge portion of the light reflection elCTient 5 
via an outer periphery of the primary light source 1 to an edge portion of 
the light emitting surface of the light deflec±ion element 4. On the other 

25 hand, avoiding the light deflection element 4, the light source reflector 2 
can be wound f rem the outer surface of the edge portion of the light 
reflection element 5 via the outer periphery of the primary light source 1 
to an edge portion of the light outgoing surface of the light guide 3. 

A reflection m^±)er like such a light source reflector 2 can also 
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be provided at a side end surface of the light guide 3 other than the side 
end surfaces 31, As the light reflection eleient 5, use can be mde of, for . 
exanple, a plastic sheet having a metal-^depasited reflection layer on the 
surface. In the present invention, Histead of "the reflection sheet, the 
light reflection elernent 5 can in the form of a light reflection layer 
founed on the back surface 34 of the light guide 3 by inetal deposition or 
the like. 

The li^t guide 3 and the light deflection elonent 4 of the 
present invention can be mde of a synthetic resin having a high light 
transmissivity. Such a synthetic resin can be ex^lified by a methacxylic 
resin, acrylic resin, polycarbonate-based resin, polyester-tsased resin^ or 
polyvinyl chloride-based resin. Particularly, the methacrylic resin is 
excellent in light transmissivity, heat resistance, mschanical prcperty, and 
moldability, and is optimum* Such a inethacrylic resin is a resin containing 
methyl methacrylate as a irein corponent, preferably at 80 weight/% or irore. 
The surface structure of the roughened surface and the siorface structure of 
the elongated prisms or the like of the light guide 3 and the light 
deflection elenient 4 may each be formed by heat-pressing a transparent 
synthetic resin plate using a die member having a desired surf ace structure, 
or by screen printing, extrusion molding, injection molding, or the like • 
wherein the shape is given simultaneously with molding. Further, the 
structural surface can be formed by losing a thermosetting or photocuring 
resin or the like. Fbrther, a roughened surface structure or a lens row 
array structure made of an active energy line curing resin may be formed on 
a transparent base nmber such as a transparent film or sheet mde of a 
polyester-based resin, acrylic-based resin, polyca:d>Dnate-based resin, 
polyvinyl chloride-based resin, polymethacrylicimide-based resin, or the 
like, or' such a sheet may be integrally joined to a separate transparent- 
base marfoer by a method of bonding, fusion, or the like. As the active 
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^ergy line curing resin, use can be TPade of multif unctibnal (metlia) acrylic 
coipound, vinyl compound, (inetha) acrylic ester, allyl ccnpound, metal salt 
of (metha) acrylic acid, or the like. 

By disposing a liquid crystal display element on a light emission 
5 surface (the light emitting surface 42 of the light deflection elonent 4) of 
the surface light source device corprising the primary light sources 1, the 
light source reflectors 2, the light guide 3, the light deflection element 4, 
and the li^t reflection element 5, there is formed a liquid crystal display 
device. The liquid crystal display device is dbseirved by a viewer fron 
10 above in Fig, 1 through the liquid crystal display element. Further, in the 
present invention^ since the fully colliimted light with a narrow 
distribution can be incident on the liquid crystal display elonent from the 
surface light source device, an image display excellent in uniformity of 
brightness and hue without gradation inversion or the like can be obtained 
15 at the liquid crystal display element, and further, light irradiation 

converging in a. desired direction can be obtained, so that it is possible to 
enhance the utilization efficiency of the quantity of light emitted from the 
primary light sources with respect to illumination of this direction. 

EUrther, in the present invention, in order to prcperly control a 
20 visual field irange depending on a purpose while suppressing a reduction in 
luminance as much as possible in the light source device that achieves 
narrower visual field and higher luminance by the use of the light 
deflection element 4 as described above, a light diffusion element 5 can be 
adjacently disposed on the light emitting surface of the light deflection 
25 elanent 4. Further, by disposing the light diffusion element 6 in this 

manner, it is also possible to suppress glare, luminance spots, and the like 
which cause deterioration in quality, to thereby achieve improvement in 
quality. 

The light diffusion element 6 may be formed integral with the 
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light deflection elOTent 4 on the side of the light emitting surface thereof, 
or may be individually placed on the side of the light eKiitting surface of 
the light deflection element 4. Preferably, the light diffusion element 6 
is individually disposed. When individually placing the light diffusion 
5 element 6, it is preferable that a surface, on the side adjacent to the 
light deflection element 4, of the light diffusion elanent 6 be given a 
convex-concave structure for preventing sticking with the light deflection 
elonent 4. Likewise, it is also necessary to tate into account the sticking 
between an outgoing surface of the light diffusion elOTent 6 and a liquid 

10 crystal display eleirient to be disposed thereon, and it is thus preferable to 
give a conveic-concave structure also to the outgoing surface of the light 
diffusion element 6* When this convex-concave structure is given only for 
the purpose of preventing the sticking, the average inclination angle 
thereof is preferably set to 0 . 7 degrees or more, more preferably 1 degree 

15 or more, and further preferably 1.5 degrees or more. 

In the present invention, it is preferable that use be made, of the 
light diffusion element 6 having a light diffusion property for properly 
diffusing the outgoing light frocn the lic^t deflection elspent 4, taking 
into account the balance among luminance characteristic, visibility, quality, 

20 and so forth. Specifically, when the light diffusion property of the light 
diffusion elonent 6. is low, there is a tendency that it becones difficult to 
sufficiently broaden the viewing angle to lower the visibility so that the 
quality ittproving effect becomes insufficient- Conversely, vJien the light 
diffusion property is too high, there is a tendency that the effect of 

25 visual field narrowing by the light deflection eleinent 4 is spoiled and the 
whole light ray transmissivity is also reduced to lower the luminance. 
Therefore, as the light diffusion elartent 6 of the present invention, use is 
made of one that is configured such that the full width half maximum of an 
outgoing light intensity distribution (in the XZ-plane) falls within the 
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range of 1 to 13 degrees v*\en parallel light is incident thereon. Tne full 
width half maxiitiiEii of the outgoing light intensity distribution of the light 
diffusion elesnent 6 is preferably in the range of 3 to 11 degrees^ and more 
preferably 4 to 8*5 degrees. In the present invention, as shown in Fig. 1, 
5 the full width half maximum of the outgoing light intensity distribution {in 
the XZ-^plane) of the light diffusion element 6 shows to wh^at degree parallel 
light rays incident on the light diffusion element 6 diffuse to spread i:pon 
exiting, and represents an angle (iil^;) of the full width of a spread angle 
at a half value relative to a peak value in an outgoing light intensity 
LO distribution (in the XZ-plane) of light that passes through the light 
diffusion eleinent. 6 to diffuse. 

Such a light diffusion property can be given by mixing a light 
diffusion agent into the light diffusion element 6 or by giving a convex- 
concave structure to at least one of the surfaces of the light diffusion 
,5 elanent 6. The convex-concave structure differs in degree between a case 
where it is formed on one of the surfaces of the light diffusion elonent 6 
and. a case v^iere it is fo.rmed on both surfaces thereof. When forming the 
convex-concave structure on one of the surfaces of the light diffusion 
element 6, the average inclination angle thereof is preferably set in the 
0 rtmgc of 0.8 to 12 degrees, irore preferably 3.5 to 7 de^grees, cuid further 
preferably 4 to 6,5 degrees, When fomiing .the convex-concave structure on 
both surfaces of the light diffusion elenent 6, the average Inclination 
angle of the convex-concave structure formed on one of the surfaces is 
preferably set in the range of 0.8 to 6 degrees, itore preferably 2 to 4 
5 degrees, and further preferably 2.5 to 4 degrees. In this case, it is 

preferable that the average inclination angle on the incident surface side 
of the light diffusion elfanent 6 be set greater than the average inclination 
angle on the outgoing surface side thereof for suppressing a reduction of 
the whole light ray transmissivity of the light diffusion elotient 6. 
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Rirther, in terras of irrproving the luminance characteristic and visibility^ 
a haze value of the light diffusion elonnent 6 is preferably set in the range 
of 8 to 82%^ nore preferably 30 to 70%, and further preferably 40 to 65%, 
In the light source device of the present invention, it is also 
5 required that the luminance in a display area as dbserved frcm a normal 

direction of the light emission surface (the outgoing surface of the light 
diffusion elonent 6) be uniform. This uniformity of luminance also depends 
on the size of a display area of a light source. For exanple, in a large- 
size light source device with a large display area of a notebook personal 
10 cotputer, a monitor, or the like, a relatively wide viewing angle 
characteristic ixiay be required wherein an outgoing light intensity 
distribution (in the XZ-plane) of. light exiting frocn a light emission 
surface is required to be broadened* On tlie other hand, in a small-si2:e 
light source device with a small display area of a portable telephone, a 
15 portable infonnation terminal, or the like, high luminance or iirprovement in 
display quality may be given priority wherein an outgoing light intensity 
distribution (in the XZ-plane) of light exiting from a light einission 
surface is allowed to be relatively narrcw. Therefore, as the light 
diffusion element 6, use is " preferably made of one having a proper light 
20 diffusion property depending on the size of a display area (a dimension 

in the X-direction peipendicular to the light incident surfaces of the light 
guide) of the light source device as shown in Fig, 8. 

The light source device of the present invention is suitable for a 
display device with a relatively large size of a monitor of a desktop 
25 personal cotputer, a liquid crystal television, or the like. When used in 
such a display device, a relatively wide viewing angle is required and 
further a high luminance is required. Therefore, as the primary light 
sources 1, use is made of the multi-lanp type wherein one or itore cold- 
cathode' tubes are disposed at each of two confronting end surfaces of the 
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light guide 3. In this light source device, the visibility about quality 
differs from a li^t source device using a one-lairp type priinary light 
source 1. Asyrtrnetry of an outgoing light intensity distribution (in the XZ- 
plane) as described later loses its characteristic and, as shown in Elg. 9, 
5 an outgoing light intensity distribution (in the XZ-plane) in the vicinity 
of the center portion of the light source device is irtproved in simrdetry 
even when the light diffusion elesment 6 is not used. Riirther, outgoing 
light intensity distributions (in the XZ-plane) in the vicinity of both ends 
close to the light sources are affected by lights guided frou the closest 

10 places, respectively, so as to becone outgoing light intensity distributions 
(in the XZ-plane) each being scinewhat asyrnnetric. Specifically, in the 
vicinity of the left-side end portion in Elg- 9, the outgoing light 
intensity distribution (in the XZ-plane) on the light .source side is 
abnjptly lowered v^iile the outgoing light intensity distribution (in the X2- 

15 plane) on the center side has a smooth tailing tendency, and therefore, 

exiting directions of light in the vicinity of the left end portion include 
soinewhat nore conponents directed toward the center portion. On the ot±ier 
hand, in the vicinity of the right-side end portion in Fig. 9, the outgoing 
light intensity distribution (in the XZ-plane) is opposite thereto, and 

20 therefore, exiting directions of light include somewhat rtiore ccqponents 

directed toward the center portion. Consequently, it is possible to obtain 
an outgoing light characteristic that is excellent in visibility when 
observing the vicinity of both end portions from the center portion, and 
therefore, there is obtained a light source device that achieves a high- 

25 quality high luminance - over to the end portions . The light diffusion 

element 6 is- required to have a light diffusion property enabling a wide 
viewing angle, and the full width half iraximum of the outgoing light 
intensity distribution (in the XZ-plane) is preferably in the range of 6 to 
13 degrees, inore preferably 6.5 to 11 degrees, and further preferably 7 to 9 
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degrees • Pui±her/ the haze value is preferably in the range of 50 to 82%, 
nore preferably 60 to 75%, and further preferably 65 to 70%. Furthermore, 
when the oonvex-concave structure is foimed on the surface of the light 
diffusion elonent 6, the average inclination angle thereof is preferably in 
5 the range of 4.5 to 12 degrees, inore preferably 5-5 to 8.5 degrees/ and 
further preferably 6 to 7 degrees. 

In the light source device of the present invention, when using 
the foregoing light diffusion element 6, there is an instance where it is 
preferable in terns of irrproveinent in luminance to use the light deflection 

10 eloT^nt 4 having a relatively low light condensing property such that the 

full width half maximum of the outgoing light luminance distribution (in the 
XZ-plane) of the light from the light deflection element 4 is about 19 to 26 
degrees, and to use the light diffusion element 6 having a relatively low 
light diffusion property because this can suppress a reduction in luminance 

15 caused by diffusion in the YZ-plane- In this case, the light diffusion 
element 6. is required to have a light diffusion property enabling a wide 
viewing angle, and the full width half maximum of the outgoing light 
intensity distribution (in the XZ-plane) is preferably in the range of 1 to 
8 degrees, more preferably 2 to 8 degrees, and further preferably 3 to 7 

20 degrees. Further, the haze value is preferably in the range of 8 to 70%/ 
nore preferably 30 to 65%, and further preferably 40 to 60%. Furthennore, 
when the 'convex-concave structure is fonned on one of the surfaces of the 
light diffusion elanent 6, the average inclination angle thereof is 
preferably in the range of 0.8 to 7 degrees, rnore preferably 3 to 6.5 

25 degrees, and further preferably 3.5 to 6 degrees. When the convex-concave 
structure is forrtted on both surfaces, the- average inclination angle thereof 
on one of the surfaces is preferably in the range of 0.8 to 4 degrees, wore 
preferably 1 to 4 degrees, and further preferably 2 to 4 degrees. 

In the present invention, it is preferable to use, as the light 
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diffusion element 6, one that has an anisotropy in its light diffusion 
property because it can increase the whole light ray transnissivity of the 
light diffusion elowsnt 6, efficiently diffuse the outgoing light frcm the 
light deflection elsrent 4, and irtprove the luminance. For example, in the 
5 light source device having a linear cold-cathode tube disposed as the 

primary light source 1 at one end surface of the light guide 3, outgoing 
light exiting froti the light outgoing surface of the light guide 3 is 
subjected to visual field narrowing mainly in the XZ-plane by the light 
deflection el«ifint 4, and the light having been subjected to visual field 
10 narrowing in the XZ-plane is further subjected to diffusion by the light 

diffusion elonent 6 to thereby broaden the viewing angle. . However, if use 
is made of, as the light diffusic«i element 6, one that has an isotropic 
diffusion property, the light is diffused equally even in. the YZ-plane where 
visual field narrowing by the light deflection element is not carried out, 
15 so that a reduction in luminance is caused. Therefore, as shown in Elg. 10, 
by using the light diffusion elonent 6 having an anisotropic diffusion 
property that exhibits a higher light diffusion property iji the XZ-plane 
than in the YZ-plane, diffusion of the light in the XZ-plane subjected to 
visual field narrowing by the light deflection eleaiient can be made strong 
20 vMle diffusion of the light in the YZ-plane not subjected to visual field 
narrowing can be made weak, so that the outgoing light frcm the light 
deflection element 4 can be efficiently diffused to thereby minimize a 
reduction in luminance . 

With respect to the anisotropic diffusion property of the light 
25 diffusion element 6, determination on what anisotropy is required for the 
light diffusion element 6 is not made only based on the. anisotropy in the 
XZ-plane and YZ-plane as described above,, but it can be suitably selected 
depending on the shape of the light emitting function portion of the light 
guide 3, the lens shape and arrangenent of the light deflection element 4, 
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arplied use of the light source device, and so forth. Specifically, as 
shown in Fig* 11, the anisotropy can be provided by assunning arbitrary 
planes (ZP-n planes (n=l,2,- • • -)) includijig a normal of the outgoing surface 
of the light diffusion elCTent 6 and arbitrary directions (P-n directions 
5 {n=^l,2,' - * ')) in the outgoing surface of the light diffusion element 6, and 
by causing full width half iMximums of outgoing light intensity 
distributions (in the XZ'-plane) in these arbitrary planes to differ frotti 
each other. Note that the rnaxiitm value airong the full width half inaxiinums 
of the ZP-ii planes is given as a maximum full width half iraxinoti^ and the 
10 minimura value arong them is given as a miiiimura full width half maxiitium. 
Likewise, with respect to the average inclination angle of the convex- 
concave structure giving the anisotropic diffusion pr<:perty to the light 
diffusion elorent 6, the anisotixjpy of the average inclination- angle' can be 
provided by causing average inclination angles in arbitrary P-n directions 
15 where the ZP-n planes and the light diffusion element 6 (XY-piane) intersect 
each other, to differ from each other* In this event> the maxiinum value 
among the average inclination angles in the P-n directions is given as a 
inaximum average inclination angle, and the itdjiiraum value among them is given 
as a minimum average inclination angle. 
20 For exarrple, when linear cold-cathode tubes are disposed 

respectively facing the two side end surfaces, parallel to the YZ-plane, of 
the light guide 3 to serve as the primary light sources 1, since the light 
deflection element 4 achieves visual field narrowing mainly in the XZ-plane 
while it hardly acts in the YZ-plane, it is optimal to use the light 
25 diffusion elenent 6 having an anisotropic diffusion property that 

effectively diffuses the outgoing light from the light deflection element 4 
in the XZ-plane while does not diffuse it in the YZ-plane. Therefore, it is 
preferable that the light diffusion elenent ' 6 have such an anisotropic 
diffusion property that exhibits the maximum full width half maidiiinm in the 
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XZ-plane and the minimum full width half maxjjnum in the YZ-plane. Uksewise, 
it is preferable that the caxivex-concave structure formed ai the light 
diffusion elanent 6 be configured or arranged to have the inaximum average 
indinatictti angle in the X-direction and the minijnum average inclination 
angle in the Y-direction. 

Even in case of the Ught diffusion elaient 6 having such an • 
anisotropic diffusion property, it is necessary that the light diffusion 
element 6 have a light dif fusiai property that suitably diffuses the 
outgoing light from the light deflection element 4, taking into account the 
balance among the luminance characteristic, visibility, quality, and so 
forth. Specifically, vtei the light diffusion prcperty of the light 
diffusion elonent 6 is low, there is a tendency that it becones difficult to 
sufficiently broaden the viewing angle to theieby lower the visibility, and 
the quality improving effect becones insufficient. Conversely, when the 
light diffusion property is too high, there is a tendency that the effect of 
visual field narrowing by the light deflection elanent 4 is spoiled and the 
whole light ray transmissivity is also reduced to lower the luminance. In 
view of this, use is trade of the light diffusion elenent viierein the maximum 
full width half maximum of the outgoing light intensity distribution (in the 
X2-plane) is in the range of 1 to 13 degrees, preferably 3 to 11 degrees, 
and more preferably 4 to 9 degrees. Ebrther, the ratio (maximum full width 
half maximum/minimum full width half iteximum) of i±e maximum full width half 
maxijnum relative to the minimum full width half maximum is preferably in the 
range of 1.1 to 20, more preferably 2 to 15, and further preferably 4 to 10. 
This is because the light utilization efficiency can be improved to increase 
the luminance by setting maximum full width half maxiinum/minimym full width 
half maximum to 1.1 or more, while, , it is possible to suppress a reduction 
in luraijianoe caused by the strong light diffusion property by setting it to- 
20 or less. 
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When forming the convex-concave structure on one of the surfaces 
of the li^t diffusion eleanent 6, the inaxiitium average inclinaticn angle 
thereof is preferably set in the range of 0.8 to 15. degrees, itore preferably 
3.5 to 11 degrees, and further preferably 4 to 9 degrees. Further, frcm the- 
aspect like maximum full width half niaxiJMn/inininium full widt±i half maximum, 
the ratio (rroxiraum average inclination angle/ndjunum average inclination 
angle) of the maxiinum average inclination angle relative to the ndnimuni 
average inclination angle is preferably in the range of 1.1 to 20, irore 
preferably 2 to 15, and further preferably 4 to 10. The convex-concave 
structure may be formed on both, surfaces of the light diffusion elonent 6. 
In this case, it is preferable that the average inclination angle cm the 
incident surface side of the light diffusion elenent 6 be set greater than 
the average inclination angle on the outgoing surface side thereof for 
suppressing a reduction of the whole light ray transmissivlty of the light 
15 diffusion el9r,fint 6. Further, in terms of ijiproving the luminance 

characteristic and visibility, the haze value of the light diffusion element 
6 is preferably set in the range of 8 to 82%, more preferably 30 to 70%, and 
further preferably 40 to 65%. 

As the diffusion property giving structure of the light diffusion 
elanent 6 having the anisQtrcpic diffusion property, there can be cited 
convex-concave structures as illustrated in Elgs. 12 to 14. The convex- 
concave structure illustrated in Fig. 12 is an array structure havLng a 
number of elcaigated lenses 6a such as lenticular elongated lenses 
successively arrayed substantially parallel to each other and each elongated 
25 along an axis. For the array pitch of the elongated lenses, it is 

preferable to select a pitch that is not liable to cause moire relative to 
the pitch of liquid crystal elenents used as the display device or relative 
to the array pitch of the elcxigated lenses such as the elongated prisms of 
the light deflection element 4, or to use random array pitches. Normally, 
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the array pitch of the elongated lenses is preferably set in the range of 1 
to 70fsn, more preferably 5 to 40Hm in teims of facilitating production and 
preventing occurrence of noire, and further preferably 10 to 30pm. In teims 
of iitprovenient in luninance and visibility, the average inclination angle in 
a direction perpendicular to a longitudinal direction of the lens row is 
preferably set in the range of 0.8 to 15 degrees, more preferably 3.5 to 11 
degrees, and further preferably 4 to 9 degrees. 

The convex-cancave structure illustrated in Fig. 13 is a structure 
v*ierein a nuirfaer of cylindrical lens shaped menibers 6b discretely arrayed. 
The array interval of the cylindrical lens shaped members niay be a fixed 
regular pitch or randan array pitches. Normally, the array pitch of the 
cylindrical lois shaped nraribers is preferably set in the range of 1 to 70Mtn, 
more preferably 5 to 40jJm in tejans of facilitating production and preventing 
occurrence of nioire, and further preferably 10 to 30pra. In terms of 
15 iitproveinent in luminance and visibility, the average inclination angle in a 
direction perpendicular to a longitudinal direction of the cylindrical lens 
shaped member is preferably set in the range of 0.8 to 15 degrees, nore 
preferably 3.5 to 11 degrees, and further preferably 4 to 9 degrees. Such a 
discrete array structure is preferably arranged such that the probability 
beccjnes high that a line where the plane required to represent the maxiirum 
full width half raaxlitiuiti as the light diffusion element 6 and the outgoing 
surface of the light diffusion elsnent 6 intersect each other, and the 
longitudinal direction of the cylindrical lens shaped metriber become 
substantially perpendicular to each other. Further, the structure is 
25 preferably arranged such that the probability becomes high that a line where 
the plane required to represent the minimum full width half maximum as the 
light diffusion elatmt 6 and the outgoing surface of the light diffusion, 
element 6 intersect each other, and the longitudinal direction of the 
cylindrical lens shaped maiiber become substantially parallel to each other. 
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The convex-concave structure illustrated in Fig. 14 is a hairline 
structure. In terms of jjrprovertient in luminance and visi±)ility, the average 
inclination angle in a direction perpendicular to an extending dii^ion of 
hairlines 6c is preferably set in the range of 0*8 to 15 degrees, irore 
preferably 3.5 to 11 degrees, and further preferably 4 to 9 degrees. The 
extending direction of the hairline is preferably a direction that is 
substantially perpendicular to a line where the plane required to represent 
the maximum full width half rnaxlinum as the light diffusion element 6 and the 
outgoing surface of the light diffusion elonent 6 intersect each other. 

By applying a mat structure to at least one of the surface formed 
with such a convex-concave structure giving the anisotropic diffusion 
prcperty and the back surface thereof, it is possible to si^ress glare, 
luminance spots, and the like to thereby achieve iinprovsnent in quality. 
However, if the light diffusion property of the mat structure beccraes strong, 
the anisotropic diffusion property may be spoiled to cause a reduction in 
lumijnance. Therefore, it is preferable to apply the mat structure having a 
relatively weak light diffusion property. For such a mat structure, the 
average inclination angle is preferably in the range of 0.5 to 5 degrees, 
more preferably 0.8 to 4 degrees, and further preferably 1 to 3-5 degrees. 
Note that when the mat structure is applied to- the surface of the anisotrqpy • - 
giving convex-concave structure, the average inclination angle of the mat 
structure represents an average inclination angle of the mat structure 
itself excluding an average inclination angle caused by the convex-concave 
structure. Such an average inclination angle can be measured at a portion 
where the convex-concave structure does not exist, or in a direction 
parallel to the longitudinal direction of the convex-concave structure. It 
can be measure using a contact-stylus roughness meter, a method of 
perfo23ning an image analysis of a sectional- shape of the light diffusion 
element 6, an atcmic force microscope, or the like. 
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In the present invention, it is also possible to emit the outgoing 
light f ran the light guide 3 in a particular direction such as the normal 
direction by the use of the light deflection elenent 4 ar^i enat this 
outgoing light in a desired direction by the use of the light diffusion 
5 element 6 having the anisotropic diffusion property. In this case, it is 
also possible to give both functions, i.e* an anisotropic diffusion action 
and a light deflection action, to the light diffusion elenisnt 6. For 
exanple, in case of using the lenticular elongated lenses or the cylindrical 
lens shaped members as the convex-concave structure, both functions of the 
10 anisotropic diffusion action and the light deflection action can be given by 
forming the sectional shape of the convex-concave structure to be asyimietric* 

Further, in the present invention, for the purpose of adjusting 
the viewing angle as the light source device and inproving the quality, a 
light diffusion rnaterial can be contained in the light- deflection element 4 
15 or the light diffusion element 6. As suc±l a light diffusion material, use 
can be rnade of, transparent particles having a refractive index different 
fron that of a material forming the light deflection el^ent 4 or the light 
diffusion elerent 6.' For exairple, there can be cited ones made of 
hatiopolymer, copolymer, or the like of silicon beams, polystyrene, 
20 polymethyljTiethacrylate, fluqrinated itifithacrylate, or the like. For the 
light diffusion material, it is necessary to properly select the content, 
particle size, refractive index, and the like so as not to spoil the visual 
field narrowing effect achieved by the light deflection element 4 or the 
proper diffusion effect achieved by the light diffusion el^t^t 6. For 
25 exairple, if a difference between the refractive iiidex of the light diffusion 
material and that of the material forming the light deflection element 4 or 
the light diffusion element 6 is too small, the small diffusion effect is 
resulted, while, if it." is too large, excessive scattering and refraction are 
resulted. Therefore, the refractive index difference is preferably set in 



04 12/20 17:56 FAX 03 3431 1205 W3Wbk/A)'3 ^ Morgan Lewis i008/015 



- 38 - 

the range of 0.01 to 0.1, more preferably 0.03 to 0.08, and further 
preferably 0.03 to 0.05. Rirther, when the particle size of the light 
diffusion material is too large, scattering becomes strong to cause glare or 
reduction in luminance, while, when it is too small, coloring is generated. 
5 Therefore^ the average particle size is preferably set in the range of 0-5 
to 20}Jm, more preferably 2 to ISfim, and further preferably 2 to 10pm. 

Hereinbelow, the present invention will be described concretely 
using exarrples. 

b4easurernent of respective characteristic values in the following 
exaiTiples was iirplecnented in the following manner. 
Measurement of Itonnal Luminance and Light Intensity Full 
VTidth Half Maximum of Surface Light Source Device 

Cold-cathode tubes were used as primary light sources, and DC12V 
was applied to inverters (HIU-742A produced by Harison Corporation) of drive 
circuits thereof to light the cold-cathode tubes at high frequency- The 
luminance was derived by dividing the surface of a surface light source 
device or a light guide into 3x5 squares each having a side of 2Qrrni, and 
averaging 15 luminance values in the normal direction of the respective 
squares- With respect to measurement of the light intensity full width half 
maximum of the light guide, a black paper having a pinhole with a diameter 
of 4irni was- fixed to the surface of the light guide such that the pinhole is 
located at the center of the surface of the li^t guide, the distance was 
adjusted so that a measurement circle of a luminance meter became 8 to 9rm, 
then an adjustment was carried out so that a gonio rotation shaft was 
rotated about the pinhole in a perpendicular direction and a parallel 
direction relative to a longitudinal direction axis of the cold-cathode tube* 
^flhile rotating the rotation shaft at intervals of 0.5 degrees from +80 
degrees to -80 degrees in the respective directions, a light intensity 
distribution (in the XZ-plane) of outgoing light was measured by the 
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luniinance neter to thereby derive a luminance in the normal direction, a 
peak angle, a full width half maxlnuM (a spread angle of a distribution (in 
the XZ-plane) of half or greater values relative to a peak value) of a light 
intensity distributicsi (in the XZ-plane) , and outgoing light distribution 
5 vd-dths (690, 670/ G^) . The peak angle took a negative value when inclined to 
one side with respect to the normal direction and took a positive value vAien 
inclined to the- other side. 
Measurement of Average Inclination Angle (Ba) 

Pursuant to* IS04287/1-1987, the surface roughness of a rou(^ened 

10 surface was measured at a driving speed of COSrun/sec by the use of a 

contact-stylus type surface rou^iness meter (Surfcon 570A produced by ToIq^o 
Seiki K,K,) ©rploying 010-2528 (lf*tiR, 55° circular cone, diamond) as a 
stylus. From a chart ctotained by this nieasureinent, an inclination was 
corrected by subtracting an average line, and the average inclination angle 

15 was calculated according to the foregoing equations (1) and (2) . 
[Exanples 1 to 9] 

Using an acrylic resin (Acrypet VH5#000 produced by Mitsubishi 
Rayon Co*, Ltd*), there were pr^red, by injection molding, 14-inch light 
guides each havijig a size of 210mtP^300rcm with a- thickness of &mi. Each 

20 light guide had one surface in the forcn of a mat having an average • 

inclination angle of 8 degrees and the other surface having elongated prisms 
successively arrayed parallel to eadi other at a pitch of SOfJtn and with a 
prism vertical angle of 100 degrees and each extending perpendicular to 
sides each having a length of 30Qnm (long sides) of the light guide. Cold- 

25 cathode tubes were disposed along both side end surfaces corresponding to 
the sides of 30Qrana (long sides) of the light guide, vdiile the cold-cathode 
tubes were each covered with a light source reflector (silver reflection 
film produced by Reikosha) , Further, light diffusion reflection films (E60 
produced by Toray Industries, Inc.) were stuck to the other sids end 
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surfaces, and a reflection sheet was disposed on the elongated-prian arrayed 
surface (back surface) . The foregoing structure was incorporated into a 
f raire body. With respect to this li^t guide/ the maximum peak angle of an 
outgoing light intensity distribution (in the XZ-plane) in the plane 
5 perpendicular to both a light incident surface and a light outgoing surface 
was 63 degrees relative to the normal direction of the light outgoing 
surface, and the fall width half maximum was 44 degrees. 

On the other hand, using an acrylic-based ultraviolet curing resin 
having a refractive index of 1,5064, there were prepared prism sheets in 

10 each of which an elongated-prism formed surface was formed on one surface of 
a polyester film having a thickness of 125fJm. The elongated-prism formed 
surface was formed with elongated prisms successively arrayed substantially 
parallel to each other at a pitch of Se^Spm, wherein, as shown in Table 1, 
. each of both prism faces (a first prism face and a second prism face) 

15 forming each elongated prism was coriposed of an area 1, having a height h* 
of the elongated prism f ran a prism vertex portion, in the form of a flat 
face (flat faces have inclination angles and allocated angles a and P of 
vertical angles shown in Table 1) and an area 2, i.e. a residual portion, on 
the side closer to a light emitting surface, in the form of a convex curved 

20 face having a radius of curvature r (convex curved faces have inclination 

angles shown in Table 1) . In this event, ratios (r/P) each between a radius 
of curvature (r) of the convex carved face and the pitch (P) of the 
elongated prisms, and ratios (d/P) each between a maximum distance (d) 
between each of both prism faces and a virtual flat surface, and the pitch 

25 (P) of the elongated prisms were as shown in Table 1, 

Each of the ctotained prism sheets was placed such that the 
elongated-prism formed surface was oriented toward the light outgoing 
surface of the foregoing light guide and the prism ridgelines were parallel 
to the- light incident surfaces of the light guide, therd^y obtaining a 
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surface light source device. There was derived an outgoing light luminance 
distribution (in the XZ-plane) in the plane perpendicular to both the light 
incident surface and the light outgoing surface of the surface light source 
device. A peaJc luminance ratio using later-described Ccnparative Exairple 1 
5 as a reference, a peak angle, an angle range (full width half maxlinum: FWH) 
achieving a lijffrdnance value half a peak luminance or more, a ratio (820/690) 
between an outgoing light distribution width (690) achieving a luminance 
value equal to 90% of the peak luminance or more and an outgoing ligfit 
distribution, width (620) achieving a luminance value equal to 20% of the peak 
10 luminance or more, and an outgoing light distribution width (O70) achieving a 
luminance equal to 70% of the peak luminance or rcore are shown in Table 1 . 
With respect to Examples. 4 and 6, the outgoing light luminance distributions 
(in the XZ-plane) are shown in fig. 6. 
[Cottparative- Exairple 1] 

A surface light source device was obtained like in Exanple 1 
except that each elongated prism of a prism sheet had two prism faces each 
in the fom of a flat face and was formed into an isosceles triangle In 
section (a=p=30,4 degrees) with a prism vertical angle of 60.8 degrees. 
There was derived an outgoing light luminance distribution (in the XZ-plane) 
in the plane perpendicular to both a light incident surface and a light 
outgoing surface of the surface light source. device, and a peak luminance 
thereof was set to 1,00. A peak angle, an angle range (full width half 
maxiinum) achieving a liminance value half a peak luminance or more, a ratio 
(920/650) between an outgoing light distribution width (690) achieving a 
luminance value equal to 30% of the peak luminance or more" and an outgoing 
light distribution width (620) achieving a luminance value equal to 20% of 
the peak luminance or more/ and an outgoing light distribution width (670) 
achieving a luminance ecjual to 70% of the peak luminance or more are shown 
in Table 1. The outgoing light luminance distribution (in the XZ-plane) is 
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shown in Fig. 6. 
[Ccxtparative Example 2] 

A surface light source device was obtained like in Exanple 1 
except that each elongated prism of a prism sheet had two prism faces each 
5 in the form of a flat face and was foj^ned into an isosceles triangle in 
section {ot=jJ«32.? degrees) with a prism vertical angle of 65.4 degrees. 
There was derived an outgoing light luminance distribution (in the XZ-plane) 
in the plane perpendicular to both a light incident surface and a light 
outgoing surface of the surface light source device. R peak luminance ratio 

10 using Conparative Exanple 1 as a reference, a peak angle/ an angle range 

(full width half maximum) achieving a luminance value half a peak luminance 
or more, a ratio (Qzo/^) between an outgoing light distribution width (Qgo) 
achieving a luminance value equal to 90% of the peak luminance or more and 
an outgoing light distribution width (620) ac±iieving a luminance value equal 

15 to 20% of the peak luminance or more, and an outgoing light distribution ■ 

width (d?o) achieving a luminance equal to 70% of the peak luminance or irore 
are shown in Table 1. The outgoing light luminance distribution (in the XZ- 
plane) is shown in Fig. 6. 
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[Exanpie 10] 

A prism sheet w^s prepared like in Example 1 except that, as shown 
in Table 2, each of both prism faces fozming each elongated prism was fozioed 
by two flat faces (areas 1 and 2 f ran the side of the prism vertex portion) ^ 
5 i.e. a flat face (3=32.0 degrees) formed frcm the prism vertex portiai to a 
hei^t 17.1}m (hM of the elongated prism and having an inclination angle of 
58.0 degrees, and a flat face formed frcm and above the height 17.1pm of the 
elongated prism and having an inclination angle of 62.0 degrees. 

The obtained prism sheet was placed such that the elongated-prism 

10 formed surface was oriented toward the light outgoing surface of the same 
light guide as in Exanpie 1 and the prism ridgelines were parallel to the 
light Incident surfaces of the light guide, thereby obtaining a surface 
light source device. There was derived an outgoing light luminance, 
distribution (in the XZ-plane) in the plane perpendicular to both the light 

15 incident surface and the light outgoing surface of the surface light source 
device, h peak luminance ratio using Conparative Exaxrple 1 as a reference, 
a peak angle, an angle range (full width half maximum) achieving a luminance 
value half a peak luminance or more, a ratio (fiSzo/^so) between an outgoing 
light distribution width (fibo) achieving a luminance value equal to 90% of 

20 the peak luminance , or more and an outgoing light distribution width {Q20) 

achieving a luminance value equal to 20% of the peak luminance or more, and 
an outgoing light distribution width (&70) achieving a luminance equal to 70% 
of the peak luminance or more are shown in Table 2. In this event, a ratio 
(d/P) of a maximum distance (d) between each of both prism faces and a 

25 virtual flat surface relative to the pitch (P) of the elongated prisms was 
as shown in Table 2. 
[Exanpie 11] 

A prism sheet was prepared like in Exairple 1 except that, as shown 
in Table 2, each of both prism faces forming each elongated prism was • formed 
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by two flat faces (areas 1 and 2 froa the side of the priaru vertex portion) , 
i.e. a flat face (p=32.0 degrees) formed from the prism vertex portion to a 
height 17.1|jm (h') of the elongated prism and having an inclination angle of 
58.0 degrees, and a flat face fonned fron and above the height 17,lnm of the 
5 elongated prism and having an inclination angle of 60.0 degrees. 

The obtained prism sheet was placed such that the elongated-prism 
formed surface was oriented toward the light outgoing surface of the same 
light guide as in Exanple 1 and the prism ridgelines were parallel to the 
light incident surfaces of the light guide, thereby obtaining a surface 

10 light source device. There was derived an outgoing light limiinance 

distribution (in the XZ-plane) in the plane perpendicular to both the light 
incident surface and the light outgoing surface of the surface lic^t source 
device. A peak luminance ratio using Catparative Exanple 1 as a reference, 
a peak angle, an angle range (full width half maximum) achieving a luminance 

15 value half a peak luminance or more, a ratio (^/Sgo) between an outgoing 
light distribution width (690) achieving a luminance value equal to 90% of 
the peak luminance or more and an outgoing light distribution width {620) 
achieving a luminance value equal to 20% of the peak luminance or ttiore, and 
an outgoing light distribution width (670) achieving a luminance equal to 70% 

20 of the peak luminance or iiiore are shown in Table 2. In this event, a ratio 
(d/P) of a iTBximum distance (d) between each of both prism faces and a 
virtual flat surface relative to the pitch (P) of the elongated prisms was 
as shown in Table 2 . . 
[Exarrple 12] 

25 A prism sheet was prepared like in Exanple 1 except that, as shown 

in Table 2, each of both prism faces forming each elongated prism was formed 
by three flat faces (areas 1, 2/ and 3 from the side of the prism vertex 
portion), i.e. a flat face. (p=32.7 degrees)' formed from the prism vertex 
porticxi to a height 17.4|Jm (h') of the elongated prism and having an 
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inclination angle of 57.3 degrees, a flat face formed frcm the height 17.4}im 
to a height 31 . Opci of the elongated prism and having an inclination angle of 
58.0 degrees, and a flat face formed from and above the height 3l.0Mm of the 
elcaigated prism and having an inclination angle of 60.0 degrees. 

The obtained prism sheet was placed such that the elongated-prism 
fonried surface was oriented toward the light outgoing surface of the sane 
light guide as in Escanple 1 and the prism ridgelines were parallel to the 
light incident surfaces of the light guide, thereby obtaining a surface 
light source device. There was derived an outgoing light luminance 
distribution (in the XZ-plane) in the plane perpendicular to both the light 
incident surface and the light outgoing surface of the surface light source 
device. A peak luminance ratio using Catparative Example 1 as a reference, 
a peak angle, an angle range (full width half maximum) achieving a luminance 
value half a peak luminance or more, a ratio (Szo/8so) between an outgoing 
light distribution width (890) achieving a lundnance value equal to 90% of 
the peak luminance or more and an outgoing light distribution vddth (02o) 
achieving a luminance value equal to 20% of the peak luminance or more, and 
an outgoing light distribution width (670) achieving a luminance equal to 70% 
of the peak luminance or more are shown in Table 2: . In this event, a ratio 
(d/P) of a iTBximum distance (d) between each of both prism faces and a 
virtual flat surface relative to the pitch (P) of the elongated prisms was 
as shown in Table 2. 
[Exanple 13] 

A prisn sheet was prepared like in Exanple 1 except that, ■ as shown 
in Table. 2, each of both prism faces forming each elongated prism was formed 
by three flat faces (areas 1, 2, and 3 fron the side of the prism vertex 
portion), i.e. a flat face ((i=30.0 degrees) formed from the prism vertex 
portion to a height 16.4jim (h') of the elongated prism and having an 
inclination angle of 60.0 degrees, a flat face formed from the. height 16.4Mra 
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to a height 33 . Oprti of the elongated prism and having an incHnatidn angle of 
60-5 degrees, and a flat face fojoned from and above the height 33.0nm of the 
elongated prism and having an inclination angle of 63.4 degrees. 

The obtained prism sheet was placed such that the elongated-prism 
formed surface was oriented toward the li^t outgoing surface of the same 
light guide as in Exairple 1 and the prism ridgelines were parallel to the 
light incident surfaces of the light guide, thereby obtaining a surface 
light source device. There was derived an outgoing light luminance 
distribution (in the XZ-plane) in the plane perpendicular to both the light 
incident surface and the light outgoing surface of the surface light source 
device, A peak luminance ratio using Corrparative Exarrple 1 as a reference, 
a peak angle, an angle range (full width half niaxinon) achieving a luminance 
value half a peak luminance or more, a ratio (Gbo/Sgo) between an outgoing 
light distribution width (Ggo) achieving a luminance value equal to 90% of 
the peak luminance or more and. an outgoing light distribution width (820) 
achieving a luminance value equal to 20% of the peak luminance or rtore, and 
an outgoing light distribution width (©70) achieving a luminance equal to 70% 
of - the peak luminance or more are shown in Table 2. In this event, a ratio 
(d/P) of a itBximum distance (d) between each of both prism faces and a 
virtual flat surface relative to the pitch (P) of the elongated -prisms was 
as shown in Table 2. 
[Exairple 14] 

A prism sheet was prepared like in Exanple 1 except that, as shown 
in Table 2, each of both prism faces foming each elongated prism was formed 
by two flat faces and one convex curved face (areas 1, 2, and 3 frcm the 
side of the prism vertex portion), i.e. a flat face (P=32.9 degrees) formed 
frcm the prisiti vertex portion to a height 10.2Hm (h') of the elongated prism 
and having ah inclination angle of 57.1 degrees,- a flat face fonned frcm the 
height l0.2}Jm to a height 21.0Mm of the elongated prism and having an 
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incaination angle of 58,9 degrees, and a convex curvied face (inclixetion 
angle=50.0 degrees, an angle formed between a chord of a convex curved 
surface portion and a norrnal of the elongated-prism formed surface = 31.1 
degrees) having a cylindrical surface shape with a radius of curvature of 
5 400pm and formed frcm and above the height 21 . Ojum of the elongated prism. 

The obtained prism sheet was placed such that the elongated-prism 
formed surface was oriented toward the light outgoing surface of the sane 
light guide as in Escarrple 1 and the prism ridgelines were parallel- to the 
light incident surfaces of the light guide, thereby obtaining a surface 
10 light source device . ' There was derived an outgoing light luminance 

distribution (in the XZ-plane) in the plane perpendicular to both the light 
incident surface and the light outgoing surface of the surface light source 
device. A peak luminance ratio using Ccrtparative Exarrple 1 as a reference, 
a peak angle, an angle range (full width half maxiioum) achieving a luminance 
15 value half a peak luminance or more, a ratio (620/Q90) between an outgoing 
light distribution width (830) achieving a luminance value equal to 90% of 
the peak luminance or more and an outgoing light distribution width (6(20) 
achieving a luminance value equal to 20% of the peak luminance or more^ and 
an outgoing light distribution width (97o) achieving a luminance equal to 70% 
20 of the peak luminance or more are shown in Table 2. In this event, a ratio 
(d/P) of a maximum distance (d) between each of both prism faces and a 
virtual flat surface relative to the pitch (P) of the elongated prisms was 
as shown in Table 2. 
[Exarrple 15] 

A prisn sheet was prepared like in Exarrple 1 except that, as shown 
in Table 2, each of both prism faces forming each elcxigated prism was formed 
by two convex curved faces (areas 1 and 2 frcm the side of the prism vertex 
portion), i.e. a convex curved face {inclination angle=55*6 degrees, P-33.7 
degrees) having an ellipsoidal shape in section (near a point of 
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intersection with a minor axis of an oval shape having a radius of curvature 
of 40Pi4n at a point of intersection with a major axis and a radius of 
curvature of BOOfJm at a point of intersection with the minor axis) and 
fonned from the prism vertex portion to a height 10.7fim (h') of the 
elongated prism, and a convex curved face (inclination angle=64-0 degrees, 
an angle f omed between a chord of a convex curved surface portion and a 
normal of the elongated-prian formed surface = 26. 0 degrees) having a 
cylindrical surface shape with a radius of curvature of 400pm and formed 
frcxn and above the height 10.7Mm of the elcxigated prism. 

The obtained prism sheet was placed such that the elongated-prism 
formed surface was oriented toward the light outgoing surface of the same 
light guide as in Exanple 1 and the prism ridgelines were parallel to the 
light incident surfaces of the light guide, thereby obtaining a surface 
light source device. There was derived an outgoing light luminance 
distribution {in the XZ-plane) in the plane perpendicular to both the light 
incident surface and the light outgoing surface of the surface light source 
device- A peak luminance ratio using Carparative Exanple 1 as a reference, 
a peak angle,, an angle range (full width half maximum) achieving a luminance 
value half a peak luminance or more, a ratio {Q20/Q90) between an outgoing 
light distribution width (890) -achieving a luminance value equal to 90% of 
the peak luminance or more and an outgoing light, .distribution width (820) 
achieving a luminance value equal to 20% of the peak luminance or more, and 
an outgoing light distribution, width (©70) achieving a luminance equal to 70% 
of the peak luminance or more are shown in Table 2. In this event, a ratio 
(d/P) of a maximum distance (d) between each of both prism faces and a 
virtual flat surface relative to the pitch (P) of the elongated prisms was 
as shown in Table 2. 



'04 12/20 18:00 FAI.03 3431 1205 WmihWl^J^ -> Morgan Lewis @005/014 



- 50 - 



.1- 





CO 


C3 

cy 






iri 




o 
o 

CD 
CD 




o 


CO 




CO 
lO 


<J> 

T— 

oi 




CO 
CO 


CO* 




CO 
CD 
CO 


in 

CO 
Csl 


CO 
CO 




<o 






o 


C0 


^ 


o 

^ c o 

-Si CD 

s « 


<n 
cn 
o 




?3 


cv 
o> 
o 




a> 
O 


a — ' 
\ ^ 


<N 


o» 

O 

oi 


Ci 


o 


5 


CO 

CO 


r. 

\ § 


ro 


q 
to 

CO 


o? 

CO 


CO 




a> 








^j; 


CD 


C>j 
CP 




(nolination Angle of Flat or Convex-curved 


CO 
dj 


.1 


1 


O 
O 


co' 

CO 


p 

CP 
CO 


1 


o 
< 


1 


1 


«i 


*J 
o 
L- 


X 

a 
> 

O 

o 


1 


4D 
v_ 

< 


o 


o 
o 


o 

CO 


CD 


C9 

cd 
xn 


o 

CO 








u: 


■4-* • 

to 
u. 


. D 

o 


r- 
(0 


O 
CO 

in 


« 


CO 


o 
o 

CO 


ITS 


CO 
CO 
lO 


s 

< 


4-1 

IL 


n 

kk 


-M 
nj 
Li. 


LL 


4J 


o 
O 


Vertical 




O 
OJ 
CO 


o 

CO 


CO 


o 
o 

CO 


CD 
<N 
CO 


r^. 

CO 
CO 


.i2 S 




o 

^3 


o 
e3 


CO 


o 
o 

CO 


05 

Csi 
CO 


CO 
CO 




O 

T— 

o 

CL 

£ 
d1 


T— 
0) 

£ 
(a 

LU 


tM 

T— 

jD 

E 

X 


CO 

_c 
c 

£ 

X 

UJ 1 


Q. 

e 

CO 


\o 

£ 
n 

X 
ID 



•04.12/20 18:01 FAI 03 3431 1205 i^^WhWl^Js ^ Morgan Lewis i006/014 



- 51 - 

Industrial ^applicability: 

As described above, it is possible to provide a light source 
device that can achieve iiiprovemant in luminance by a high light-^x^ndensing 
effect, that is anall in reduction of luminance with respect to a change in 
5 viewing direction, that enables iraprovonent in utilization efficiency of the 
quantity of light knitted from a primary light source (i.e. increases 
efficiency of emitting light, ^tted frou a. primary light source, 
concentratedly in a required viewing direction) , and further, that can 
easily iitprove the image quality with a siirplified structure* 

10 



